Although acne is a disease predominant in adolescence, it is being increasingly observed in adult life, including the menopausal period. The etiology of menopausal acne is multifactorial, with hormonal imbalance being the major culprit. There is a relative increase of androgens in the menopausal female that leads to clinical hyperandrogenism manifesting as acne, hirsutism and androgenetic alopecia. Other endocrine disorders including thyroid abnormalities, hyperprolactinemia and insulin resistance also play a role. Genetics, stress, dietary changes, lack of sleep and exercise and other lifestyle changes are implicated as trigger factors. Most menopausal women with isolated few acne lesions have normoandrogenic serum levels and do not require extensive investigations. However, baseline investigations including total testosterone are useful. Patients must also be evaluated for associated comorbidities such as obesity, diabetes, hypertension and dyslipidemia. A detailed history can help to exclude polycystic ovarian syndrome, late-onset congenital adrenal hyperplasia or medications as a cause of acne. The evaluation of menopausal acne and the approach to treatment depend on the severity of acne and associated features. In patients with mild acne without virilization, prolonged topical therapy is the mainstay of treatment. Though combined oral contraceptives are effective, they are relatively contraindicated in the postmenopausal period. Spironolactone is the first choice of therapy in the subset of patients that require oral anti-androgen therapy. Procedural treatment can be useful as it can also help in the treatment of associated acne scars and concomitant skin aging. It is also important to focus on lifestyle changes such as reducing stress, controlling obesity, having a healthy diet, exercise and proper skin care routine to reduce acne. The focus of this article is on the clinical presentation and management challenges of menopausal acne, which represents a special subtype of acne.
Introduction
Acne vulgaris is a common chronic inflammatory disease of the pilosebaceous unit that causes polymorphic lesions in the form of open and closed comedones, papules, pustules, and occasionally nodules and cysts, with varying degrees of cutaneous scarring. It is primarily a disease of adolescence and often extends into adulthood. 1 Adult acne has conventionally been described as acne presenting in patients beyond 25 years of age. 2 Recent studies have shown an increasing incidence in adults as well as in the perimenopausal and postmenopausal age groups. [3] [4] [5] [6] Menopause is a process that occurs due to a decline in the female reproductive hormones, estrogen and progesterone. Natural menopause is defined as the permanent cessation of menstruation, confirmed after 12 consecutive months of amenorrhea in the absence of any other pathological cause. The transition period that leads up to menopause is known as perimenopause and is defined by WHO as a period of two to eight years leading up to menopause and one year following final menses. 7 Studies have reported an average age at menopause of 51 years for Caucasian women in the western world. 8 When acne is observed around the perimenopause or menopause, it is termed as menopausal acne, generally in women ≥45 years age. 3 It is largely classified as 1) Persistent, 2) New-onset and 3) Recurrent disease. 3 Persistent acne starts in adolescence and tends to persist in adults. New-onset acne tends to start in adult life only, while recurrent acne develops in adolescence, clearsout for a sometime and reappears again in adulthood. 2, 9, 10 The prevalence of female adult acne varies in different studies, from 20% to 40%. [3] [4] [5] [6] Acne has a 50.9% prevalence rate in women aged 20 to 29 years versus 26.3% in women ages 40 to 49 years. 1 Persistent acne is more common (75-85%) of cases as compared to late onset acne (20-40%) . 3 A 2006 survey of Americans reported acne prevalence of 66.8% in women in the teen years, 50.9% in the 20s, 35 .2% in the 30s, 26 .3% in the 40s and 15.3% in the 50s or older. 1 The importance of proper evaluation and management of adult and menopausal acne is that it causes significant morbidity of post acne scarring and greatly impacts the quality of life, causing psychosocial distress in affected patients. It may also be indicative of an underlying hormonal disorder and very rarely an androgen secreting tumor. Management of menopausal acne is challenging and there is a lack of studies focusing on acne in this subset of patients.
Methods
PubMed MEDLINE and Google scholar literature search were conducted using the term menopausal acne, adult acne and menopausal hyperandrogenism from 1995 to 2018. Titles, abstracts and full articles including a systematic review, clinical trial, cohort study, case report or series, or cross-sectional study were scanned for inclusion and review. A narrative review is presented as there is a paucity of studies focusing primarily on menopausal acne.
Etiopathogenesis
Acne is typically an inflammatory disorder of the pilosebaceous unit and has a multifactorial pathogenesis. The four main interrelated pathogenic factors involved are 1) Excess and altered sebum production, under control of androgens 2) Abnormal follicular hyperkeratinization and differentiation, 3) Follicular canal colonization with Cutibacterium acnes (C. acnes) (formerly Propionibacterium acnes) and 4) Chronic inflammation controlled by complex innate and acquired immunological mechanisms. 11 In menopausal women, mechanisms that lead to new onset or recurrence of acne are unclear; however, hormonal factors, specifically androgens, play a major role. In the postmenopausal period, the ovary remains hormonally active and secretes varied amounts of androgens and estrogen. 12 Estrogen levels tend to fall sharply after menopause, while androgens decrease gradually. 13, 14 Androgen secretion depends upon luteinizing hormone (LH) stimulation and a significant increase in gonadotropin levels occurs after menopause. This hormonal imbalance between estrogen and androgen further increases due to decrease in sex hormone-binding globulin (SHBG) levels and is called postmenopausal hyperandrogenism which can lead to acne flare. 15 Postmenopausal hyperandrogenism is thus a state of relative excess androgen secretion either of adrenal or ovarian origin. Increased receptor sensitivity to the potent androgens, dihydrotestosterone and dehydroepiandrosterone sulfate (DHEAS) also increases susceptibility to acne. 3 It tends to present as hirsutism with increase in terminal hair growth or symptoms/signs of virilization. Thus, there are multiple etiological factors that can cause hyperandrogenism in the menopausal period (Table 1) . [15] [16] [17] [18] In patients with polycystic ovaries, symptoms usually start in adolescence, progress during the reproductive years and then gradually decline in the perimenopausal period. Androgen levels remain elevated during early menopause and decline gradually, persisting till late menopause. 15 Rarely hyperandrogenism may have a tumorous origin. A postmenopausal woman presenting with hirsutism, alopecia or acne should always be assessed and looked for any other pre-existing cause of hyperandrogenism. 15, 19 Though generally women with menopausal acne have normal androgen levels, the mean androgen levels are reported to exceed that of age-matched controls without acne. 20 The sebaceous gland is a neuroendocrine organ under control of androgens as well as neuropeptides, histamine, vitamin D, retinoids and insulin-like growth factor 1 (IGF-1). There is a complex interrelationship between IGF-1, insulin and androgen, which may contribute to the development of menopausal acne. The role of IGF-1 in the development of acne has been underplayed. Cappel et al 21 reported that IGF-1 levels and DHEAS levels were higher in adult women with acne than in those without acne and that levels correlated with total acne count, comedones and inflammatory lesion count.
Other hormones such as melanocortins and corticotropinreleasing hormone (CRH) also play a role in acne. 22 CRH which increases during stress, causes increased expression of 3β-hydroxy-steroid dehydrogenase mRNA, an enzyme responsible for the conversion of dehydroepiandrosterone (DHEA) to testosterone. 23 This is one of the mechanisms by which stress aggravates acne.
Recent reports point that lesions of acne develop due to activation of the innate immunity and that this process can occur even before follicular hyperkeratinization, which is responsible for micrcomedone formation. C. acnes induces inflammation through toll-like receptors (TLRs) present in the keratinocytes, sebocytes and dendritic cells. This triggers signalizing cascades that activate transcriptional factors, such as nuclear factor kappa B and phosphokinases. This activation in the monocytes results in the release of two interleukins (ILs), IL-12 and IL-8. 22 Of these, IL-12 is the major inflammatory cytokine responsible for the immune response against the invasion of Gram-positive bacteria in the acne lesions. 24 C. acnes is now thought to play a secondary role in the development of acne lesions, as patients with acne do not have more C. acnes in sebaceous follicles than normal individuals. Acne might be triggered by the selection of a subset of C. acnes strains, phylotype IA1 due to increased seborrhea and disequilibrium with the skin microbiome, particularly S. epidermidis, which is known to inhibit C. acnes growth. 25 In addition, the presence of biofilms further can lead to persistence of pathogenic strains.
Trigger Factors Of Menopausal Acne
Several factors that have been postulated to trigger or aggravate adult acne also play a role in menopausal acne, such as cosmetics, dietary factors, obesity, smoking, ultraviolet radiation, drugs, sleep deprivation and stress. 23 Defective barrier function of the skin followed by increase in transepidermal water loss may also be responsible for initiating the inflammatory cascade in acne, which is seen not only in lesional skin but also in perilesional skin in acne. 26, 27 In a study on 280 patients of adult acne, exposure to sunlight was responsible for aggravation in 93 (33.2%) patients, cosmetics in 40 (14.3%) patients and stress in 72 (25.7%) patients. Associated conditions such as obesity were observed in 6.4%, hirsutism in 5.7% and alopecia in 1.8%, though raised testosterone levels were seen in only 7 out of 230 female patients (3.04%). 2 The relationship between obesity, hyperinsulinemia and hyperandrogenism in postmenopausal women is complex. A state of relative functional hyperandrogenism appears to be associated with abdominal obesity in women. 28 Obesity also leads to insulin resistance (IR) and hyperinsulinemia, which increases androgen levels, with insulin acting as a co-gonadotropin 15, 29 In addition, hyperinsulinemia directly reduces serum SHBG levels, further aggravating hyperandrogenism. 30 Genetic factors also play a role as a positive family history was found in 38.6% 2 in one study and 56.8% in another study. 6 
Clinical Features
The clinical presentation of adult acne has been classically described as the presence of inflammatory papulopustular lesions in the mandibular and chin area ( Figure 1 ). 2, 5, 11 However, recent reports have challenged this and a multicentric observational study reported that adult acne presented with few mixed comedones and inflammatory papules across all facial zones, similar to adolescents in 90% of the patients, whereas lesions localized specifically to the mandibular area were seen in only 11.2%. Additionally, truncal lesions were common, seen in up to 50% of the patients. 6 Another variant involving perimenopausal women has been described as the presence of deep-seated inflammatory papules or nodules with a predominant perioral distribution. 9 These lesions tend to produce post-inflammatory persistent erythema, pigmentation and scarring, besides being resistant to treatment. 9 A comedonal variant presents as multiple macrocomedones, with a flare of tender inflammatory lesions pre-menstrually. This variant with predominance of comedones and macrocomedones in the frontal and side regions of the face is usually seen in patients beyond 40 years and in smokers ( Figure 2 ). 19 Another variant described in menopausal acne is the presence of multiple closed comedones visible on stretching the skin, along with enlarged pores in the nasal and malar areas. 31 In elderly patients (>60 years), acne has a predominant truncal distribution and is often resistant to therapy. The scalp, upper arms and gluteal region may also be involved. 32 The difference between adult and post-menopausal acne is shown in Table 2 . Women with menopausal acne also have increased sensitivity of the skin, hence have a higher frequency of post-inflammatory erythema, hyper and/ or hypopigmentation and scarring. These cosmetically disfiguring changes often lead to depression and have a negative influence on the quality of life. 33 Signs of hyperandrogenism such as hirsutism, and androgenetic alopecia and acanthosis nigricans should also be examined. Dreno et al 6 reported that signs of androgenic abnormalities in adult acne were present in 10.8% of the subjects, whereas in a study from India, obesity was observed in 6.4%, hirsutism in 5.7% and alopecia in 1.8% and raised levels of testosterone were seen only in 3.04%. 2
Differential Diagnosis
The differential diagnosis of acneiform and pustular lesions in this age group includes drug-induced acneiform eruptions, rosacea, Favre-Racouchot syndrome and gram-negative folliculitis. A careful drug history should be sought particularly for corticosteroids, androgens, hormone replacement therapy, anabolic steroids, antidepressants, lithium, Vitamin B1, B6, B12 and anti-tuberculous drugs. 34 Rosacea presents with inflammatory papules and pustules on an erythematous background, with telangiectasia. A key differentiating factor between acne and papulopustular rosacea is the absence of comedonal lesions in rosacea. Gram-negative folliculitis presents as eruptive monomorphic pustules in the perioral, mandibular and neck distribution. It is more commonly seen in patients on prolonged oral tetracycline use and is caused by gram-negative microbes such as Klebsiella and Serratia. Treatment recommended is isotretinoin. 35 Topical steroid abuse on the face is a common cause for acneiform eruptions and aggravation of pre-existing acne, presenting as multiple and deep-seated comedones, nodules and cysts. It is seen in countries where steroids are freely available over the counter and are misused as skin-lightening agents. In a study from India, which included 200 patients, 53 patients were in the age group of 41-50 years who were misusing potent topical steroids on the face, resulting in adverse effects, including acne. 36 Steroid abuse on the face is accompanied by telangiectasia and hypertrichosis, which is readily seen with the dermoscope.
Evaluation
The approach to laboratory investigations depends on the clinical examination and associated features ( Figure 3 ). 18 If the patient has associated signs of hyperandrogenism such as hirsutism and female pattern hair loss, then a hormonal evaluation is warranted ( Figure 3 ). If there are no obvious signs of hyperandrogenism, it may be due to increased hypersensitivity or increase in number of androgen receptors in the sebocyte and keratinocytes. Here again a baseline hormonal evaluation is useful, though not mandatory. A thorough medical history including details of medications and supplement use, tobacco and illicit drug use must be actively sought and a physical examination, with complete review of systems should be conducted to seek symptoms of hyperandrogenism including acne, hirsutism, seborrhea, androgenetic alopecia, amenorrhea, oligomenorrhea and signs of virilization, such as clitoromegaly, increased muscle mass, decreased breast size, infertility and polycystic ovaries or other endocrinology disorders. 34 A menstrual history must include age of menarche, regularity of menses, history of infertility or signs suggestive of hypothyroidism. 37 The majority of patients with isolated menopausal acne show no other signs of clinical hyperandrogenism and are therefore considered normoandrogenic. Signs of virilization suggest severe insulin resistance, androgen-secreting tumors or androgen substance abuse. A laboratory test panel including free and total testosterone, dehydroepiandrosterone sulfate, androstenedione, luteinizing hormone and follicle-stimulating hormone, transvaginal and abdominal ultrasound should be done in such patients. Thyroid disease, raised prolactin and nonclassical congenital adrenal hyperplasia should also be investigated. 35 Evaluation for metabolic syndrome should be done especially in obese patients and those with acanthosis nigricans, to look for insulin resistance. Microbiologic evaluation is not indicated unless gram-negative folliculitis or staphylococcus aureus folliculitis is considered in the differential diagnosis. 35 In the presence of resistant acne lesions, a microbiologic evaluation is worthwhile to rule out resistant C. acnes. If there are nodulocystic lesions, baseline investigations for isotretinoin treatment should be done. It is also important to investigate for co-morbidities in this age group such as diabetes, hypothyroidism and hyperlipidemia.
Approach To Treatment
The treatment of menopausal acne can be challenging as the presence of acne in this age group causes psychosocial impairment and affects the quality of life. There is a tendency to relapse, hence maintenance treatment is essential. The choice of therapy depends on the etiology and severity of acne, response to previous treatment, skin type, dry and sensitive or thick and oily, and associated features. Topical therapies should be chosen with care as they can cause dryness and irritation in older women, who already have dry sensitive skin. Many patients have post acne scars due to previous bouts of acne and these become more prominent as the skin sags due to age. The aim of therapy is to improve acne and its complications like hyperpigmentation and scarring, without causing irritation to mature skin.
Topical Therapy
Topical therapies are the mainstay of acne treatment and judicious use can lead to adherence to treatment, better outcomes and greater patient satisfaction. 38 An added advantage of topical therapy is that it can also improve concomitant signs of photoaging that is common in the menopausal age group.
Topical Retinoids
They are the mainstay of treatment and have the added advantage of improving signs of aging and photoaging in older patients. Adapalene (0.3%) is effective and tolerable in adult acne. 39 It not only leads to reduction in comedones but also has anti-inflammatory action, which helps in reducing the inflammatory papules, common in this age group. The challenge here is to reduce the irritant potential by gradual retinization of the skin. This is done by first applying it for short duration of 2-4 hrs every other day and gradually increasing the duration till tolerability. In a study of adult acne in women aged 18-41, adapalene 0.3% showed significant reduction of the inflammatory lesions (−61%) and non-inflammatory lesions (−51%) at the 12th week when compared to the vehicle. The side effects were discomfort and dryness. 39 Low strength adapalene 0.1% is also efficacious with better tolerability. 40 Tretinoin is effective in acne and photoaging but has greater irritant potential. This can be minimized by using the microencapsulated form (0.04%, 0.1%) which releases tretinoin gradually. 41 In patients who have sensitive skin, retinol or retinaldehyde may show better tolerability. There have been several studies demonstrating the tolerability of retinol in photoaging skin. Kang et al demonstrated that application of all-trans-retinol on normal human skin enhanced the expression of CRABP II and CRBP mRNAs and proteins similar to tretinoin with only minimal signs of erythema and irritation as compared to tretinoin. However, efficacy was less. 42 The most frequent and common adverse effect of topical retinoids is "retinoid reaction", which is characterized by burning, erythema, pruritus and skin peeling. It is more common with tretinoin and tazarotene as compared to isotretinoin, adapalene, retinol and retinaldehyde. 43 The retinoid reaction is due to the presence of free carboxylic acid in the polar end of the retinoid, which is generally seen within the first few weeks of treatment. It is thought to get initiated by release of proinflammatory cytokines such as IL-1, TNF-α, IL-6 and IL-8. 44 Retinoids also cause photosensitization, which normally occurs at the beginning of the therapy and returns to normal after few months. Hence, sun protection should be advised at the start of therapy.
Benzoyl Peroxide
Benzoyl peroxide is a comedolytic and antimicrobial topical agent for acne with no known resistance. 45 However, it should be used with caution in older women as it can cause irritation and dryness, depending on the strength and vehicle. Low strength of 2.5% in a cream base is preferred.
Azelaic Acid
Azelaic acid (20% cream, 15% gel) has anti-inflammatory, comedolytic and antimicrobial properties and is useful as monotherapy in mild acne. It is also a hypopigmenting agent and is thus useful in patients having post-inflammatory hyperpigmentation. 46 It is generally well tolerated and a study showed that twice-daily application of azelaic acid 20% cream was moderately effective in mild-to-moderate acne, with a 53.9% decrease in total lesion count at 12 weeks. 47 
Dapsone
Dapsone 5% gel has antimicrobial and anti-inflammatory properties and is efficacious and well tolerated when used twice daily as monotherapy in adult females. In a study of 68 adult patients with acne, significant reductions in mean total lesions (52% decrease), inflammatory lesions (65%) and comedone counts (41%; all P<0.001) were observed at 12 weeks, with no treatment-related adverse events. 48 It has the advantage of having no risk for bacterial resistance and can be used alone as maintenance therapy for long periods. 49 
Combination Therapies
Combination of benzoyl peroxide with adapalene is more efficacious with a quick onset of action, however with increased irritant potential. 38 Hence, it should be used cautiously. Combination of tretinoin and clindamycin, 50 benzoyl peroxide and clindamycin 51 is better tolerated and may be used in inflammatory papulopustular acne. Monotherapy with clindamycin is not recommended. Addition of non-comedogenic moisturizers with topical anti-acne treatment helps to reduce adverse events and hence increase compliance.
Systemic Therapy
Antiandrogens, hormonal therapy, isotretinoin and systemic antibiotics are indicated for moderate-to-severe acne or resistant or recurrent acne in older women. Antiandrogens such as spironolactone are the treatment of choice, particularly when there are associated symptoms of hyperandrogenism such as hirsutism and androgenetic alopecia. Combined oral contraceptives, though effective, are relatively contraindicated as the risk of adverse events is greater in postmenopausal women.
Spironolactone
Spironolactone has antiandrogenic effects by blocking 5αreductase activity and androgen receptor in peripheral tissues. Isvy et al 52 retrospectively analyzed 70 adult patients with acne, with age ranging from 20 to 52 years, mean age 31.3 ± 8.4 treated with low-dose spironolactone (less than 150 mg/day). Majority of the women (71%) responded to spironolactone on the face as well as the back within a median treatment duration of six months, with decrease in the severity of seborrhea. In their study, the clinical response to spironolactone was correlated with the number of inflammatory lesions and decreased with the concomitant use of oral first or second-generation contraceptives containing progesterone. However, the concomitant use of third and fourth-generation oral contraception had a favorable response. Contraindications to therapy include significant renal impairment, hyperkalemia or medications known to increase serum potassium level such as trimethoprim or angiotensin-converting enzyme inhibitors. Spironolactone is given at doses of 25-200 mg per day, typically starting at 50-100 mg/d. Side effects are dose-dependent and include fatigue, increased diuresis, headache, dizziness, menstrual irregularity, breast pain and hyperpotassemia. Regular monitoring of potassium is not indicated in patients on low doses and without nephropathies. 53 A recent review reported that 200 mg/ day of spironolactone effectively reduces inflamed lesion counts, though good quality evidence is lacking for lower doses. 54 However, Grandhi et al 55 reported 86% of 400 patients reported improvement, with only 4% experiencing any side effects.
Flutamide
Flutamide is a non-steroidal androgen antagonist which acts by competitive inhibition of androgen receptors, especially the ones that bind DHT. It can be effective for the treatment of acne, hirsutism and alopecia; however, hepatic toxicity limits the use of flutamide for acne as cases of fatal hepatitis have been reported. 56 
Hormonal Therapy
Oral contraceptives (OCPs) containing low-dose ethinyl estradiol combined with progestins with antiandrogenic activity (desogestrel, gestodene, levonorgestrel or norgestimate) or cyproterone acetate or drospirenone is recommended for the treatment of mild-to-moderate adult acne. OCPs reduce ovarian androgen production, decrease sebum production and also increase hepatic synthesis of sex hormone-binding globulin, leading to a decrease in circulating free testosterone. However, use of estrogen in older women has safety issues such as increased cardiovascular disease, hypercoagulability and an increased risk of endometrial and breast cancers. Therefore, in menopausal women with acne before prescribing OCPs, contraindications to hormonal therapy must be investigated to prevent side effects (Box 1). These include history of deep venous thrombosis and thromboembolic events, smoking after the age of 35 years, active liver disease, migraine, breast cancer, hypertension, diabetes mellitus with vascular changes,and long-term immobilization. 57 There is a three times increased risk of venous thrombosis that depends on the dose of ethinylestradiol and the progestogen used. 58 The risk is similar for combined oral contraceptives with 30-35 μg ethinylestradiol and cyproterone acetate, drospirenone, gestodene and desogestrel, and about 50-80% higher than with levonorgestrel. 58 The greatest risk is in the first year of use. Common side effects of OCPs include nausea, headache, breast tenderness and bloating due to the estrogen component, whereas weight gain, fatigue, irritability, increased low-density lipoprotein level (LDL), decreased libido and breast tenderness are attributed to the progestin component. 59 OCPs carry a risk of developing hypertension and hence blood pressure should be monitored during follow-up visits.
To summarize the use of hormonal therapy in menopausal acne is an effective option which improves the quality of life, but it should be initiated only after proper evaluation and exclusion of contraindications. Though it is relatively safe, possible serious complications can occur and should be discussed with the patient. 60 Patients on hormonal therapy must also be monitored regularly to detect adverse effects.
Isotretinoin
Isotretinoin is indicated for the treatment of severe recalcitrant nodulocystic acne, but it can also be used to treat patients with moderate inflammatory acne that is either resistant to conventional treatment, or relapses quickly after discontinuation of oral therapy or causes significant acne scarring or psychosocial distress. 35 Isotretinoin is usually initiated at a starting dose of 0.5 mg/kg/day for the first month and then increased to 1 mg/kg/day as tolerated and is given with meals for better absorption. In severe cases, lower initial doses along with corticosteroid may be needed to prevent an isotretinoin induced flare. Low-dose isotretinoin (0.25-0.4 mg/kg/day), intermittent regimes and lower cumulative dose regimens have been used to minimize the side effects. However, these are not as effective as the standard 120-150 mg cumulative dose in preventing relapse. 61 In addition to its potential teratogenicity, side effects of isotretinoin include cheilitis, xerosis, xerophthalmia, decreased night vision, headache, hypertriglyceridemia, cardiovascular risk factors, bone demineralization, hepatotoxicity and mood changes. A possible link to depression, anxiety, suicidal tendencies and inflammatory bowel disease has been reported though not conclusively proved. With standard dosing, most side effects resolve after discontinuation of therapy but require constant monitoring particularly in menopausal women. 35 
Systemic Antibiotics
There has been a sea change in the use of systemic antibiotics for acne due to antibiotic resistance, as compared to previous long-term use. It is now recommended to be used in inflammatory papulopustular acne when topical treatment fails and for the shortest possible duration. 35 The tetracyclines doxycycline and minocycline and macrolides like azithromycin and erythromycin are used for acne. The use of penicillins and cephalosporins should be limited to patients with treatment failure. Doxycycline is used in doses of 50-100 mg/day. Sub-antimicrobial doses of 40 mg/day have also been used for their anti-inflammatory effect. 62 Doxycycline is more photosensitizing as compared to minocycline; hence, sun protection should be advised to patients. To reduce gastrointestinal side effects, it should be taken with meals and at least one hour before bedtime. It should not be taken simultaneously with iron and calcium as they interfere with its absorption. It is metabolized by the liver but can be given to patients with renal derangement. 35 Minocycline at a dose of 50-100 mg/day is used for acne but has not shown to be superior to doxycycline. It has less gastrointestinal side effects, but the incidence of immunemediated serious adverse events such as drug-induced lupus, drug reaction with eosinophilia (DRESS) and hypersensitivity syndromes is higher. 34 Other adverse events include tinnitus, dizziness and minocycline-induced pigmentation, which can be persistent. Macrolides including erythromycin and azithromycin are now not considered as first-line systemic antibiotics for acne. 35 They also have anti-inflammatory properties, but the mechanism of action is unclear. Azithromycin has been used in varying pulsed doses ranging from 500 mg three times a week to 4 consecutive days a month. 34 Side effects are mainly gastrointestinal distress. Penicillins, cephalosporins and trimethoprim-sulfamethoxazole should be reserved for patients who are intolerant to tetracyclines or macrolides. 35 Older patients often have higher rates of treatment failure and approximately 80% of the women fail multiple courses of systemic antibiotics and approximately 30% to 40% fail after a course of isotretinoin. 63, 64 If acne recurs immediately after a course of isotretinoin, an underlying endocrine abnormality should be suspected. 65 
Procedural Therapy
Procedural therapy in active acne is indicated when there is predominant comedonal acne, recalcitrant acne, nodulocystic acne when isotretinoin leads to a flare of acne or when it is contraindicated or needs to be avoided. It is also useful when there is a need for quick response for psychological and social reasons. The basic aim is prevention of scarring by reducing inflammation faster leading to quicker resolution of lesions. If done correctly, they can prevent, reduce the incidence and severity of permanent post acne scars ( Table 3 ). Comedone extraction causes quick clearance of comedones with faster esthetic improvement. Chemical peels are resurfacing procedures and useful adjuncts in the treatment of acne. They have comedolytic, keratolytic and anti-inflammatory properties targeting several pathogenetic features of acne. 66 Chemical peeling agents useful in active acne include salicylic acid, mandelic acid, glycolic acid and retinol peels. Combination peels like salicylic-mandelic acid in a gel base or lactic acid peels are particularly useful in sensitive mature skins. Glycolic and retinol peels have the added advantage of treating pigmented scars and photoaging. Laser and light systems can be an adjunct to traditional topical and oral medications, without significant adverse events. They appear to target the pathogenetic factors of acne by reducing inflammatory acne lesions, decreasing sebaceous gland activity and inhibiting C. acnes. More recently, various lasers such as the 585 and 595 nm pulsed dye lasers, 532 KTP laser, 1450 nm diode laser, 1540 nm erbium glass laser, intense pulsed light and radiofrequency devices have been used for the treatment of inflammatory acne vulgaris, but are not very effective for comedonal lesions. [67] [68] [69] They also have the advantage of improving post acne scars. Low intensity visible blue, red or green light targets the endogenous porphyrins and in the presence of oxygen DovePress generate reactive singlet oxygen species that damage the cell membranes of the bacteria and reduce acne. Long-term improvements up to 1 year have been documented with laser treatments and they need to be explored further in menopausal acne, which is predominantly inflammatory, as they cause minimal side effects. 70 However, a recent Cochrane review on light therapies for acne concluded that there is a need for larger studies of better quality to provide evidence of the utility and longterm benefits in acne, particularly considering the cost of laser therapies. 71 
Skin Care, Cosmetics And Cosmeceuticals
Skin care routine should be carefully selected to avoid irritation and dryness due to topical medications. The face should be washed once or twice daily with a mild soap or syndet or a benzoyl peroxide face wash. Frequent washing should be avoided as it can dry the skin, impair barrier function and cause further irritation. In patients with thick oily skin salicylic acid or glycolic acid-based face washes can be used. The moisturizer or sunscreen should be noncomedogenic, nonacnegenic and hypoallergenic. They should be applied initially before other topical agents. In a review of moisturizers for acne, dimethicone, glycerin, hyaluronic acid and sodium pyrrolidone carboxylic acid are the most suitable for acne. 72 Scrubs should be avoided in acne patients as they may irritate the skin. Patients should be advised not to pick or pop the acne as it can prolong inflammation, lead to infection and cause scarring. Tanning should be avoided as it can cause persistent hyperpigmentation in the inflammatory acne lesions. All old cosmetics should be replaced and oilbased foundations and cosmetics should be avoided. Water-based cosmetics should be applied and all makeup should be washed off before going to bed. Cosmetic camouflage of acne lesions can be advised to reduce stress.
Acne cosmeceuticals target the various etiopathogenic factors, such as reduction of sebum, and have antibacterial, anti-inflammatory properties. They can reduce dryness, irritation, photosensitivity and improve barrier repair and play an important role in the management of acne in the older patient. They may also enhance the penetration or reduce side effects of prescribed topical medications. 73 Nicotinamide 4% decreases the severity of mild-to-moderate acne in comparison to clindamycin. 74 It also has skinlightening, sebostatic and anti-inflammatory properties.
Topical comedolytics, such as retinol, retinaldehyde, alpha-hydroxy acids like glycolic acid, beta-hydroxy acids like salicylic acid, and polyhydroxy acids such as gluconolactone and lactobionic acid are present in a wide variety of over the counter formulations for acne and also have skinlightening effects. Botanical agents like plant extracts of Echinacea purpurea, Garcinia mangostana and many others have antiacne effect by inhibiting proliferation of P. acnes, reversing bacterial-induced inflammation and also normalized elevated cytokine levels including IL-6 and IL-8. 75 The use of cosmeceuticals for acne by patients is common and may be useful for mild-to-moderate acne in older patients, but they do not demonstrate superiority to prescription medications. 76
Lifestyle Changes And Co-Morbidities
The rising incidence of adult and menopausal acne has been linked to the modern lifestyle. 22 Societal pressures, demands of balancing work, career and family life and keeping up with social media contribute to reduced and irregular sleeping time. This sleep deprivation is an internal stressor leading to rise in stress hormones like CRH and P substance that directly influence acne.
Several studies conducted on humans demonstrated that weight loss, exercise, getting adequate sleep, reducing stress, cessation of smoking, healthy diet with a low glycemic load, avoiding milk can all help to reduce acne. Bovine milk, whey protein supplements and high glycemic diets play a potential role in the pathogenesis of acne by increasing insulin and IGF-1 levels. 77 
Conclusion
There is a plethora of skin changes in the menopausal period and now surprisingly acne is one of them, which was once considered as a disease of adolescence. The majority of adult and menopausal women with acne have persistent or relapsing acne from adolescence. Hormonal imbalance with relative hyperandrogenism is the major factor, while stress, genetic factors, cosmetics, dietary and lifestyle changes all play a role. Treatment is a challenge in clinical practice as most anti-acne products are designed for adolescent oily skins, with fewer products for sensitive mature skins in this age group. Prolonged topical therapy with judicious use of systemic therapy is the treatment of choice as acne tends to be more resistant, deep seated and prolonged in this subset. The use of a topical antibiotic as monotherapy should be avoided and combination therapy with benzoyl peroxide, topical retinoids, azelaic acid or salicylic acid is recommended as first-line treatment according to the patient's skin and tolerability, including an oral agent if necessary. Spironolactone is the treatment of choice for patients requiring systemic antiandrogen therapy. The subset of patients who will require combined contraceptives should be selected with care to reduce the incidence of side effects. Procedural treatment can play a bigger role as it can also help in the treatment of acne scars and concomitant skin aging. However, detailed studies specifically evaluating prevalence, etiopathogenesis, presentation and management of this subset of women with menopausal acne are required to increase the evidence on which future treatment recommendations can be based.
